Hamstring injuries are very common in athletes. Acute hamstring strains can occur with high-speed running or with excessive hamstring lengthening. Athletes with proximal hamstring tendinopathy often do not report a specific inciting event; instead, they develop the pathology from chronic overuse. A thorough history and physical examination is important to determine the appropriate diagnosis and rule out other causes of posterior thigh pain. Conservative management of hamstring strains involves a rehabilitation protocol that gradually increases intensity and range of motion, and progresses to sport-specific and neuromuscular control exercises. Eccentric strengthening exercises are used for management of proximal hamstring tendinopathy. Studies investigating corticosteroid and platelet-rich plasma injections have mixed results. Magnetic resonance imaging and ultrasound are effective for identification of hamstring strains and tendinopathy but have not demonstrated correlation with return to play. The article focuses on diagnosis, treatment, and return-to-play considerations for acute hamstring strains and proximal hamstring tendinopathy in the athlete.
Introduction
Hamstring injuries are one of the most common injuries in athletes (4, 34, 42) . Injuries can range from acute hamstring muscle strains and ruptures to chronic proximal hamstring tendinopathy. Acute hamstring strains are the most common muscle strain, have high rates of recurrence, and can lead to prolonged absence from sports (4, 42) . In professional athletes, acute hamstring strains make up 15% of all injuries in Australian rules football (43) and 12% of all injuries in British soccer (25) . In the American National Football League (NFL) from 1998 to 2007, there were 2.2 hamstring strain injuries per 1,000 athlete exposures in training camp, second only to knee sprains (21) . Some studies have reported that almost one in three hamstring strains will recur, and many happen within the first 2 weeks of return to sport (26, 42, 55) .
The recurrence rate of hamstring strains has been reported to be 30% in professional Australian football and 12% in professional soccer players (42) .
Two different types of acute hamstring strains have been described with different mechanisms of injury (3Y5). Type I acute hamstring strains occur during high-speed running. Injury to the hamstring muscle has been shown to occur during the terminal swing phase of running, when the hamstring muscles eccentrically contract to decelerate the swinging limb and prepare for foot strike (13) . The long head of the biceps femoris is most commonly involved in type I hamstring strains, typically at the proximal muscle-tendon junction (4, 26, 55) . Type II hamstring strains occur in the setting of excessive lengthening of the hamstrings (5) . These types of hamstring strains are more common in activities such as dancing, slide tackling, and high kicking that combine hip flexion with knee extension (26, 55) . Type II hamstring strains commonly involve the proximal free tendon of the semimembranosus, close to the ischial tuberosity (5) . Recovery from type II hamstring strains has been shown to be prolonged compared with type I hamstring strains (2) .
Acute hamstring strain injuries also can be classified by severity of pain, weakness, and loss of range of motion. Grade I injuries are mild with no loss of strength or function, minimal loss of musculotendinous unit structural integrity, and low-grade inflammation. Grade II injuries include partial or incomplete tears and present with moderate loss of strength. There may be muscular edema and hematoma locally. Grade III injuries are severe, involve complete tears or rupture, and result in significant loss of function (1, 35, 44) .
Proximal hamstring tendinopathy is a relatively uncommon cause of posterior thigh pain that can affect a variety of athletes, but are seen more often in sprinters, mid-and long-distance runners, and endurance athletes (12, 36, 40) . It is a chronic, degenerative condition that is caused by mechanical overload and repetitive stretch. Potential factors that can lead to hamstring tendinopathy include overuse, poor lumbopelvic stability, and relatively weak hamstring musculature (22) . The semimembranosus is most commonly affected in proximal hamstring tendinopathy (36) . Sciatic nerve irritation also has been reported in the setting of proximal hamstring tendinopathy. It has been thought to be due to repetitive stretch and overload of the proximal hamstring tendons; scarring and adhesions may form around the sciatic nerve, potentially causing additional posterior thigh pain (36) .
The purpose of this article is to review the current literature regarding the diagnosis, treatment, and return-to-play considerations for hamstring injuries in the athlete, specifically focusing on acute hamstring muscle strains and chronic proximal hamstring tendinopathy (Table) .
Diagnosis
The history and physical examination are essential when treating an athlete with a suspected hamstring injury. There are many overlapping pain referral patterns that localize to the posterior thigh, including issues from the lumbar spine, hip joint, and sacroiliac joints. Imaging can play a role in diagnosis of acute hamstring strains and chronic proximal hamstring tendinopathy. It is important to maintain an appropriate differential diagnosis when evaluating this athlete.
History

Acute hamstring strain
Athletes with hamstring strain injuries will typically describe sudden onset of sharp, stabbing, or twinge-like posterior thigh pain (1, 26, 55) . They may describe an audible ''pop,'' which has been reported primarily in type II (overstretch) hamstring strains (6) . Patients with acute hamstring strains may report difficulty continuing the activity or sport (26, 55) . They also may present with a stiff-legged gait because of avoidance of hip and knee flexion (15) .
Proximal hamstring tendinopathy
Patients with proximal hamstring tendinopathy do not usually recall a specific inciting event, and they report gradual increase in pain in the posterior thigh (12, 36) . The pain is often described as tightness or cramping in the posterior thigh or deep buttock, located close to or at the ischial tuberosity (12, 40, 55) . Pain can extend down the posterior thigh distally to the popliteal fossa (12, 22, 35) . Symptoms can be exacerbated with repetitive eccentric hamstring contraction, forward flexion of the trunk, and running (12, 22, 40) . Patients also will report increased pain with sitting (8, 12, 22, 40) .
Examination
Physical examination of a patient with a suspected hamstring injury should include inspection and palpation of the affected region, passive stretch of the hamstring muscles, and resistance testing of the hamstring muscle. On the palpatory examination, special attention should be placed on the hamstring origin at the ischial tuberosity, the muscle belly of the hamstrings to determine whether there is focal pain or a palpable focal defect, and the insertion of the hamstring tendons at the pes anserine medially and the fibular head laterally. An examination of the hip and lumbar spine and a complete neurological examination of the lower extremities also should be performed to identify any other potential causes of posterior thigh pain. Neural tension tests such as the seated slump test can be used to determine whether symptoms are due to lumbar spine or sciatic nerve involvement (26) .
Acute hamstring strain
On inspection, moderate to severe hamstring muscle strains (grade II or III) can result in visible ecchymosis distal to the injury site along the posterior thigh and knee (1) . Ecchymosis can be delayed and does not always appear immediately after injury. Direct palpation of the hamstring is important to help identify the specific region that is injured. A palpable defect in the muscle or musculotendinous unit may be appreciated in athletes with complete ruptures (1, 26) . Oftentimes, an athlete with a complete rupture of one of the hamstring muscles will still be able to flex the knee because the other hamstring muscles are intact; however, this may be painful. Passive knee extension can often be more painful for patients with partial tears of the hamstring muscles. Passive straight leg raise and hip flexion with knee extension are used to assess hamstring flexibility and to assess for pain (26, 53) . Knee flexion strength should be examined with the patient in prone position, with resistance applied in both 15-and 90-of knee flexion (26) . Hip extension strength also should be tested in the prone position, with the knee in both 90-and 0-of flexion (26) . The assessment should be performed bilaterally, looking for pain provocation and weakness (26) . The hamstring muscle is tested in multiple positions because of its biarticular nature and subsequently changes length with flexion of the hip and knee (26) .
Proximal hamstring tendinopathy
Three physical examination maneuvers have been described for diagnosis of proximal hamstring tendinopathy. The Puranen-Orava test is a standing test that actively stretches the hamstring when the hip is flexed to 90-and the knee is extended fully and the foot is on a support 90-to the standing body ( Fig. 1 ) (11, 46) . The bent-knee stretch test is performed with the patient in supine position. The hip and knee are flexed to the end range and then the knee is passively extended. To perform the modified bent-knee stretch test, the patient is supine with the legs fully extended. The examiner maximally flexes the hip and knee, and rapidly straightens the knee (Fig. 2) . Each test is considered positive if there is exacerbation of symptoms with the maneuver (11) . All three tests demonstrated moderate to high validity and high interand intrarater reliability (11) . Other examination findings include tenderness at the hamstring origin at the ischial tuberosity, and pain with active hamstring stretches. There is typically no loss of strength with knee flexion or hip extension (40) . There also may be pain with minimal or no limitation in flexibility (55) .
Imaging
Acute hamstring strain
Imaging is usually not needed to make the diagnosis of an acute hamstring strain. There is no significant use for x-ray imaging in the evaluation of acute hamstring strain unless an ischial avulsion injury is suspected (14) . Both ultrasound and magnetic resonance imaging (MRI) have been shown to effectively identify and assess the extent of acute hamstring strain injuries (16, 32) . High signal intensity can be seen on T2-weighted MRI images reflecting edema within or around the muscle in acute hamstring injuries (14) . On ultrasound, edema in the setting of hamstring strains can be visualized as an area of hypoechogenicity, most commonly at the musculotendinous junction (32) . MRI has been shown to be more accurate than ultrasound for evaluation of deeper muscle injuries, when there is scarring from previous hamstring injuries, and for identification of hamstring tendon avulsion (16, 26, 30) . In the athlete population, the availability of ultrasound in the training room can be extraordinarily beneficial if there is a skilled ultrasonographer who can assess for hematoma and muscle tears (28) .
Proximal hamstring tendinopathy
For hamstring tendinopathy, MRI and ultrasound can be used for diagnostic purposes. MRI has been shown to have higher sensitivity than ultrasound for diagnosing proximal hamstring tendinopathy (63) . MRI will demonstrate increased tendon girth, a T2-weighted signal with distal feathery appearance, and increased signal heterogeneity at or around the origin of the hamstring tendons (18, 31, 36, 40) . Other findings on MRI include reactive edema within the ischial tuberosity (8, 22) . Ultrasound findings of hamstring tendinopathy include peritendinous fluid, tendon thickening, hypoechoic regions in the tendon, and echogenic foci in the tendon representing calcifications (31, 63) . Ultrasound cannot visualize reactive bone marrow edema. The benefits of ultrasound include decreased costs, and ability to perform imaging in real time and provide guidance for injections (53) . Ultrasound also provides the added benefit of serial evaluations for athletes to assess progress for return to play, particularly in settings where the team physician is skilled in ultrasonography to make the assessment in the training room.
Differential Diagnosis
The differential diagnosis of posterior thigh pain includes hamstring tendon avulsion injury, ischial apophyseal avulsion, stress fractures, adductor muscle strain, referred posterior thigh pain from the lumbar spine, hip joint, or sacroiliac joint and ischiogluteal bursitis (22, 31, 55) .
Treatment
The primary goals of a rehabilitation protocol for hamstring injuries are to return the athlete to sport at the prior level of performance and to minimize risk of reinjury (26) .
Acute hamstring strain
Three phases of rehabilitation for acute hamstring strains have been described and should be followed in a progressive nature (26, 55) . Phase I focuses on decreasing pain and edema, prevention of scar formation, development of neuromuscular control at slow speed, and prevention of excessive lengthening (26, 55) . Initial management of hamstring strains in the acute phase includes the RICE protocol of rest, ice, compression, and elevation (1, 10, 14, 34) . Conservative medical management can include the use of nonsteroidal anti-inflammatory drugs (NSAIDs) (55) . However, the early use of NSAIDs for acute hamstring strains is controversial, because prior studies have not demonstrated benefit (51) . During phase I of rehabilitation, athletes may shorten their strides during ambulation and may use crutches for more moderate or severe injuries (26, 55) . Progressive agility and trunk stabilization exercises can be performed at low to moderate intensity (55) . Isolated resistance training of the affected hamstring muscle should be avoided (26) . Exercises should be done within a limited, protected range of motion, and excessive stretching of the affected hamstring should be avoided (26) . Progression to the next phase can occur when the athlete is able to walk normally without pain, able to jog at very low speeds without pain, and able to perform painfree isometric hamstring contraction with prone knee flexion at 90-against submaximal resistance (50% to 70%) (26, 55) .
Phase II of rehabilitation involves increase in the intensity and range of motion of the exercises, initiation of eccentric resistance exercises, and neuromuscular training at faster speeds (26, 55) . Compared with phase I, the exercises will involve a gradual increase in range of motion and lengthening of the hamstring. However, hamstring lengthening to the end range should be avoided if there is still weakness during this phase (26, 55) . Ice can be used as needed for pain associated with exercise and rehabilitation. The intensity and speed of neuromuscular control, agility, and trunk stabilization exercises are progressively increased (26) . Eccentric strengthening exercises for the hamstrings also are initiated during this phase (26, 55) . Progression to phase III occurs when there is full strength of the hamstring without pain when performing one-repetition maximum isometric contraction with prone knee flexion at 90-, and the athlete can jog forward and backward at 50% maximum speed without pain (26, 55) .
Phase III of rehabilitation involves more advanced neuromuscular control and eccentric strengthening exercises as well as sport-specific exercises with the goal of returning the athlete to play. The athlete generally has no restriction of range of motion during this phase. Progressive ability and trunk stabilization exercises should incorporate more sportspecific drills and dynamic agility exercises (26, 55) . Eccentric hamstring strengthening exercises can be progressed toward the end range of motion (26, 55) . Return-to-sport criteria include no pain with palpation over the injury site, full concentric and eccentric strength of the hamstrings without pain, no kinesiophobia (55), full functional abilities that include sport-specific movements at near maximum speed, and intensity without pain (26) .
Sherry and Best (54) performed a randomized controlled trial comparing two different hamstring rehabilitation programs. This study randomized 24 athletes with acute hamstring strains into one of two rehabilitation programs consisting of either progressive agility and trunk stabilization exercises or isolated hamstring stretching and strengthening exercises. The athletes in the progressive agility and trunk stabilization group demonstrated a faster return to play compared with the stretching and strengthening group (22.2 T 8.3 vs 37.4 T 27.6 days), as well as a lower reinjury rate (7.7% vs 70%) (54) . The authors concluded that a rehabilitation program of progressive agility and trunk stabilization for acute hamstring injuries is more effective than a program emphasizing isolated hamstring stretching and strengthening for return to play and prevention of recurrence in acute hamstring strains (54) . Another study by Silder et al. (56) randomized 29 athletes into one of two rehabilitation groups: a progressive agility and trunk stabilization program or a progressive running and eccentric strengthening program. There was no significant difference in time to return to sport, with a mean of 25.2 T 6.3 days in the progressive agility and trunk stabilization group and 28.8 T 11.4 days in the progressive running and eccentric strengthening group (56) . Both groups demonstrated similar rates of hamstring recovery as demonstrated on MRI (56) .
The use of corticosteroid injections for acute hamstring strains has not been widely studied. Levine et al. (37) performed a retrospective review of 58 professional NFL players who were treated with corticosteroid injections after acute hamstring strains. All players had grade II or III hamstring strains and were given a palpation-guided intramuscular corticosteroid and anesthetic injection. The majority of players (56 of 58) received the injection within 72 hours of the injury. The average time to return to full practice was 7.6 days, ranging from 0 to 24 days, and 49 players missed no games. No complications were reported from the injections (37) . The role of corticosteroid injections in the treatment of acute hamstring strains and the potential complications and adverse effects need to be further studied.
There have been mixed results in the literature regarding the effectiveness of platelet-rich plasma (PRP) for acute hamstring strains. Hamid et al. performed a randomized controlled trial where 28 patients with acute, grade II hamstring strains received either PRP with a rehabilitation program or a rehabilitation program alone (23) . The rehabilitation program used in the study was a progressive agility and trunk stabilization protocol. The patients in the PRP group had a statistically significantly faster return-to-play time (26.7 T 7.0 vs 42.5 T 20.6 days) as well as significantly lower pain severity scores than that of the rehabilitation group (23) . However, it should be noted that there was no sham injection included in this study. Hamilton et al. (24) performed a study on 90 professional athletes with grade I or grade II hamstring strains confirmed on MRI, randomizing them to receive PRP, platelet-poor plasma, or no injection. All of the subjects also received a standard rehabilitation program. There was no significant difference for return to sport between the PRP group and the rehabilitation-only group, and the authors concluded that there is no benefit of a single PRP injection in athletes with acute hamstring injuries (24). Reurink et al. (49) performed a study in which 80 competitive and recreational athletes with acute hamstring strains confirmed on MRI were randomized to receive intramuscular PRP or a placebo, isotonic saline. They reported no significant difference in time to return to sport (median 42 days in both groups) or reinjury rate (16% in the PRP group vs 14% in the placebo group) (49) . The authors reported also that 1 year postinjection, there was no significant difference in the reinjury rate between the groups (50). Rettig et al. (47) reported that out of 10 NFL players with grade I or II acute hamstring strain, there was no significant difference in time to return to play between the five players receiving PRP injection with a rehabilitation program and the five players receiving only a rehabilitation program (20 days in the PRP group and 17 days in the non-PRP group). Overall, the majority of studies demonstrate no significant benefit for PRP injections in acute hamstring strains for return to play and reinjury rates.
Proximal hamstring tendinopathy
Conservative management for athletes with proximal hamstring tendinopathy that have been described in the literature includes eccentric exercises (17, 22, 27) , soft tissue mobilization (22) , shockwave therapy (12), corticosteroid injections (40, 63) , and PRP injections (60) .
One study of 40 professional athletes with chronic proximal hamstring tendinopathy demonstrated that shockwave therapy had a greater improvement in pain scores and Nirschl phase rating scale, and higher rate of return to sports than traditional conservative treatment of physical therapy and NSAIDs (12) . Two studies investigated the effect of peritendinous corticosteroid injections in patients with proximal hamstring tendinopathy. Nicholson et al. (40) reported that for fluoroscopically guided corticosteroid injections, there was a significant improvement in pain score and the level of athletic participation at 21 months. Zissen et al. (63) found that 50% of patients who underwent ultrasoundguided corticosteroid injections reported moderate to complete resolution of symptoms for at least 1 month. However, the use of corticosteroid injections in the treatment of chronic tendinopathy is controversial given the potential risks, including local irritation, skin depigmentation, suppression of tenocyte activity and collagen synthesis, and tendon avulsion (40, 52, 61, 62) .
One study investigating PRP injection as a treatment for proximal hamstring tendinopathy showed significant improvement in pain and Nirschl phase rating scale compared with treatment with physical therapy and NSAIDs (60) . The PRP injections in this study were performed using direct palpation without image guidance. All patients who received PRP returned to play in 4.5 months (60). Fader et al. (20) reported that out of 18 patients with chronic proximal hamstring tendinopathy treated with ultrasound-guided PRP injection, 10 patients reported 80% or greater improvement in pain at 6 months. The overall average improvement was 63%. Larger, controlled studies investigating the effectiveness of PRP for treatment proximal hamstring tendinopathy are required. Image-guided injections should be considered to improve accuracy and safety.
Eccentric exercise has been demonstrated to be an effective treatment for tendinopathy (29, 39, 41) . Hamstring eccentric exercises can be performed using hamstring curl machines, reverse cable curls, weight-bearing hamstring curls on an exercise ball, reverse plank, kneeling Nordic leg curl, and standing single-or double-leg dead lifts (17) . Cushman and Rho (17) recently proposed an alternate method of hamstring eccentric strengthening using a treadmill, with the athlete standing backward and eccentrically resisting movement of the belt. There have been case reports in the literature demonstrating improvement of proximal hamstring tendinopathy with eccentric exercises in athletes (17, 27) . Jayaseelan et al. described two cases of runners with proximal hamstring tendinopathy who were treated with eccentric hamstring loading, lumbopelvic stabilization exercises, and trigger point needling (27) . The athletes in both cases had significant improvements in pain and function over 8 to 10 weeks and returned to sport without pain (27) .
Return to Play Acute hamstring strain
There has been a wide range of reported time to return to play after acute hamstring injuries (38) . A number of factors have been reported to be associated with longer recovery period and time to return to play after acute hamstring injury, including the type of hamstring injury (2, 4, 5, 57) , proximity to the ischial tuberosity (4, 7, 56) , injury involving proximal free tendon (2, 4, 5) , and increased length and cross-sectional area of injury (16, 57) . Type I hamstring strains have been reported to have a more acute decline in function and a faster recovery than type II hamstring injuries (2, 4, 5) . The type I or high-speed running injuries have been reported to take a mean of 16 weeks to return to the preinjury level of performance in a study of elite sprinters (4). The type II or overstretch injuries can take up to a mean of 50 weeks for return to the prior level of competition in a study of professional dancers (5) . Shorter times to return to play after acute hamstring strain have been reported in studies on NFL and professional rugby players, ranging from a mean of 8 to 25 days lost from full training and competition (9, 21) . Although considerably shorter than the aforementioned studies on type I and II injuries, these studies involved different sports and also did not take into account return to the preinjury level of performance.
Clinical predictors of return to play after hamstring injuries have been studied. Moen et al. (38) reported that selfreported time to return to play and passive straight leg raise deficit were significantly associated with time to return to play after hamstring injury. Warren et al. (59) studied 59 Australian football players and found that the athletes that required more than 1 day to walk without pain were more likely to take longer than 3 weeks to return to play.
In terms of imaging findings and return to play, a systematic review by Reurink et al. (48) reported conflicting evidence, stating that three studies showed a significant association between proximity to the ischial tuberosity and longer time to return to play (4, 7, 56) , whereas one study showed no association (5) . The systematic review showed no strong evidence from the MRI findings, including length, cross-sectional area, and signal volume, that can predict the prognosis for time to return to play after acute hamstring injury (48) . Moen et al. (38) also reported no correlation of MRI findings in grade I and grade II hamstring injuries with time to return to play. Some studies have shown that cross-sectional area and length are directly related to time away from sport (16, 57) . However, other studies have shown that the severity of hamstring injuries based on MRI and the baseline MRI findings of initial injuries do not predict reinjury (19, 33, 58) . With regard to ultrasound, Petersen et al. (45) found no correlation of imaging findings in athletes with acute hamstring injuries with time to return to play.
Proximal hamstring tendinopathy
Return to play for athletes with proximal hamstring tendinopathy depends on the severity and duration of the condition (22) . However, there have been limited studies describing specific guidelines for returning to play. Fredericson et al. (22) described one protocol that involves a graduated return to activity, progressing through a walk/ run program with limited pace, mileage, and incline. They stated that before return to running after proximal hamstring tendinopathy, the athlete must have full range of motion and no pain with strength testing (22) .
Conclusion
Hamstring injuries are very common in athletes and can lead to prolonged time away from sport. Acute hamstring strains can occur with high-speed running or with excessive lengthening of the hamstrings. Athletes with chronic proximal hamstring tendinopathy often do not report a specific inciting event and typically report a gradual increase in posterior thigh pain. A thorough history and physical examination is important to determine the appropriate diagnosis and to rule out other potential causes of posterior thigh pain. Imaging modalities such as MRI and ultrasound are effective in detecting acute hamstring strains and proximal hamstring tendinopathy. However, imaging findings generally have not been shown to correlate with the prognosis of return to play. Conservative management of hamstring injuries in athletes involves a progressive rehabilitation protocol. For acute hamstring strains, this involves a gradual increase in intensity, range of motion, and eccentric resistance leading to more sport-specific and neuromuscular control exercises. Eccentric strengthening exercises are used for management of chronic proximal hamstring tendinopathy. Smaller studies looking at corticosteroid and PRP injections have had mixed results. The type of acute hamstring strain and clinical factors such as time to walk without pain have been shown to correlate with time to return to play.
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